)-4,6-dimethoxy-phenyl)-methanone were evaluated in-vitro for their activities related to antioxidant and anti-inflammatory. The antioxidant potential was determined by calculating reducing potential, OH and DPPH (2,2-diphenyl-1-picryl hydrazine) radical scavenging activities. The in-vitro anti-inflammatory related activities of synthetic chalcones (SCs) were demonstrated by performing inhibition assays of trypsin, b b-glucuronidase and diene conjugates. The results of the various parameters studied shows that the selected derivatives were found to be effective reducing agents and were reactive towards stabilizing the OH and DPPH radicals. The compounds have showed moderate to poor or no inhibition profile towards trypsin and b b-glucuronidase, but were found to be effective inhibitor of dien conjugates (hydroperoxides). An attempt has been made to define structure activity relationship using BioMed CAChe 6.1.10: a computer-aided molecular modeling tool which applies equations from classical and quantum mechanics. The experimental and in silico results of the present investigation shows that the basic nucleus 1-(2-hydroxy-3-(2-hydroxy-cyclohexyl)-4,6-dimethoxy-phenyl)-methanone can be considered as a potential candidate for the design and development of lead antioxidant and anti-inflammatory agents.
A cursory look at the literature cited in relation to chalcones in recent years indicates that there is a growing interest in evaluating the pharmaceutically important biological activities of chalcones and its derivatives, presuming their role in the prevention of various degenerative diseases and other human ailments. Chalcones which are classified under polyphenolic compounds are basically flavonoids, ubiquitously present in plants especially more in fruits and vegetables. 1) Scientific investigations on the bioavailability of chalcones from food sources are limited but variety of synthetic chalcones (SCs) has been reported to possess a wide range of pharmaceutically important biological activities. Plethora of literature has accumulated in the recent years suggesting the role of chalcones and its derivatives as an anti-inflammatory, 2) anticancer, 3) and antioxidant, 4) agents. Chalcones have also been reported as inhibitors of angiogenesis, because the process of angiogenesis (formation of new blood vessels) is proved to be crucial for the survival and proliferation of solid tumors. Arresting the angiogenesis process has been considered as a potential target for the development of anticancer drugs. 5) Hydroxy-methylated chalcone such as 2Ј-hydroxy-4Ј-methoxychalcone has been described as an effective antiangiogenic and anti-tumor agent. 6) Nevertheless chalcones have also been attributed with wide range of antimicrobial activity like antimalarial, 7) antileishmanial, 8) and antibacterial 9) especially more effective against Gram-positive than Gram-negative bacteria. Recently we have reported series of derivatives of 1-(2-hydroxy-3-(2-hydroxy-cyclohexyl)-4,6-dimethoxy-phenyl)-methanone as an effective antioxidant agents. 10) Various derivatives of prenylated and nonprenylated SCs have been investigated in vitro for their antioxidant and prooxidant actions.
11) Several SCs have been designed, synthesized and tested for inhibition of activation of mast cells, neutrophils, macrophages and microglial cells which are important mediators in the initiation of inflammatory disorders.
12) It is this reputation of SCs in the main stream of pharmaceutical research, which has attracted researches in the recent years.
The research focus on free radicals and antioxidants in biology is producing medical revolution that promises an alternative approach for health and disease management. Using antioxidants efforts are being made to prevent oxidative reactions in foods, pharmaceuticals and cosmetics. Moreover the antioxidant therapy is coming up as an alternative, attractive and effective approach for the amelioration of several chronic degenerative diseases including cancer, inflammatory, cardiovascular, autoimmune, neurodegenerative (e.g. Alzheimer's disease, Parkinson's disease, multiple sclerosis, downs syndrome) and aging. 13) In recent years, it has been appreciated that antioxidants may also be involved in regulating signaling pathways and cellular responses. 14) Interestingly many of the anti-inflammatory agents are found to be effective in antioxidant activity. 15) In present investigations the antioxidant and anti-inflammatory related activities of several derivates of 1-(2-hydroxy-3-(2-hydroxy-cyclohexyl)-4,6-dimethoxy-phenyl)-methanone are described with an effort to establish structure-activity relationship using computational tools.
Experimental
Materials The SCs to be tested were selected from the series of chalcones synthesized in the School of Chemical Sciences, S. R. T. M. University, Nanded (MS), India. The details of the synthetic methodology and characterization data of the selected SCs has been reported. 16) 17) The reducing potential of SCs was calculated by the fall in extinction of K 3 Fe(CN) 6 at 420 nm against appropriate blank. The reaction mixture contained 500 ml solution of individual SC (1 mM in 0.5% v/v dimethyl sulfoxide) in 3 ml of 1 mM potassium ferricynide solution and the absorbance was recorded at 420 nm after 10 min reaction time. Glutathion (reduced, 1 mM) was used as a standard reducing agent.
OH Radical Scavenging Activity OH radicals were generated by using the Ferric ion (Fe 3ϩ )/ascorbic acid reaction system. The detection of OH radicals was carried out by measuring the amount of formaldehyde generated from the oxidation of dimethyl sulfoxide.
18) The reaction mixture contained 0.1 mM EDTA, 167 mM Fe 3ϩ , 33 mM DMSO in phosphate buffer of 50 mM pH 7.4. 0.1 ml individual SC (1 mM) solution. Ascorbic acid (150 ml, 10 mM in phosphate buffer) was added finally to initiate the reaction. Trichloroacetic acid (17%, w/v) was used to terminate the reaction. The contents were observed spectrophotomertically at 412 nm for the detection of formaldehyde. Mannitol (1 mM) was used as a reference compound for comparative study.
Interaction with DPPH Radical 19) The ability of SCs towards DPPH radical scavenging SCs was carried out by mixing 1 mM solution of DPPH and individual SCs (in absolute ethanol). After 10 min reaction time the samples were observed spectrophotometrically at 517 nm. Quercetin (1 mM) was used as a standard compound.
Assay of Anti-proteolytic Activity 20) One millimolar solution of individual SCs (0.1 ml) was incubated with trypsin (0.075 mg/ml) for 20 min followed by addition of bovine serum albumin (BSA, 6 g/100 ml, in 0.1 M phosphate buffer, pH 7.6). After 20 min incubation at 37°C the reaction was terminated using trichloroacetic acid (3 ml, 5%). The resultant precipitates were separated by centrifugation at 5000 rpm. The acid soluble protein fractions were estimated using Lowry method. 21) Salicylic acid (1 mM) was used as a reference compound.
Inhibition of b b-glucuronidase The b-glucuronidase inhibition assay was carried out as per the reported method 22) in brief, 2.5 mM p-nitrophenylb-D-glucopyranosiduronic acid was incubated with 1 mM (0.1 ml) individual SCs in acetate buffer (0.1 M, pH 7.4) for 5 min followed by addition of 0.1 ml of b-glucuronidase solution. The contents were further retained for 30 min followed by addition of sodium hydroxide (2 ml, 0.5 N) for termination of the reaction. The amount of product formed was observed spectrophotomertically at 410 nm. Salicylic acid (1 mM) used as a reference drug for comparative study.
Inhibition of Hydroperoxide Formation
The inhibition of formation of hydroperoxides (diene conjugates) was performed as per the reported method.
23) The RBC membrane solution was prepared as per the procedure described elsewhere 24) with slight modification. 25) To the membrane solution (1.0 ml), 5 ml of chloroform : methanol (2 : 1) was mixed followed by centrifugation at 1000 g for 15 min for separation of the two phases. The chloroform layer was taken in a test tube and dried at 45°C in water bath. The lipid reside leftover was dissolved in 1.5 ml of cyclohexane. The amounts of hydroperoxides generated were measured at 233 nm against a cyclohexane blank. Aspirin (acetyl salicylic acid, 1 mM) was used as a reference drug.
The results of the above studied parameters were calculated as % activity by using a formula. 26) Computational Studies The log P value, molecular weights and quantum chemical descriptors like E HOMO (energy of highest occupied molecular orbital, E LUMO (energy of lowest unoccupied molecular orbital), ionization potential and electron affinity of the selected SCs were calculated using a BioMed CAChe 6.1.10 (Fujitsu Ltd.), a computer-aided molecular design modeling tool for Windows ME, 982000 and XP operating system. The structures of the selected SCs were built in the workplace and the sample files were subjected for energy minimizations using Augmented Molecular Mechanics (MM 3 ). The energy minimization is continued until the energy change is less than 0.001 kcal/mol, or until the molecule has been updated 300 times. All the quantum chemical descriptors were calculated in the Project Leader. The log P value is calculated using the atom typing scheme. E HOMO and E LUMO are determined after optimizing the molecular geometry first using Augmented MM 2 and then using MOPAC with PM 3 parameters. The ionization potential and electron affinity are approximated by the energy of the HOMO and LUMO respectively, after optimizing the molecular geometry using Augmented MM 2 followed by MOPAC with PM 3 parameters. The selected quantum chemical descriptors are reported to have strong attributes with the free radical scavenging and biological activity of the compounds.
27) The results of the studied computational parameters are summarized in Table 3 .
Results and Discussion
Log P Values and Molecular Weights The molecular weights and theoretical log P values calculated in silico are summarized in Table 1 . Log P is the logarithm of the partition coefficient between n-octanol and water. It is a physicochemical property of a drug candidate widely used in medicinal chemistry as an index of lipophilicity and ability of drug molecule for crossing various biological membranes. 28) According to the Lipinski's rule of five, the log P values more than 5 and molecular weight above 500 g/mol does not qualify as a drug candidate and such compounds might not be appropriate for in vivo administration. 29) In the present studies, except compound C1 (log P 6.758) all other SCs have log P values in a range of 3.069-4.571. The compounds C1 (mol. wt. 592.771) and C3 (mol. wt. 551.653) are having marginally higher molecular weights than the upper limit of 500 g/mol set by Lipinski's rule of five. All other SCs are having molecular weights within an acceptable range of 398.455-462.541 g/mol. The number of hydrogen bond donors and acceptors is also one of the important criteria set by Lipinski's rule of five, wherein it has been described that the number of hydrogen bond donors should be less than five whereas acceptors should be less than ten. 29) All the test compounds under study are found to be within the Lipinski's range, in which the compounds C3-C5 and C7 possess three hydrogen bond donors, while C1, C2, C6 and C8 have two hydrogen bond donors. The compounds C1-C3 and C6-C8 possess five and four hydrogen bond acceptors respectively, while C4 and C5 have three hydrogen bond acceptors. In brief all the test samples fulfils the hydrogen bond donor and acceptor functions within the limit set by Lipinski's rule of five.
Reducing Ability of Selected SCs
The results of the reducing ability of selected SCs (Table 2) shows that the compound C6 (47.30%), C8 (43.60%) followed by C1 (36.10%) are found to be effective reducing agents, while all other SCs showed reduction potential in a range of 11.80-28.50% as compared to glutathione (58.90%). Reducing ability is a measure of the ability to donate electron. The donation of an electron has been strongly attributed with the E HOMO and E LUMO of the compounds. It has been also reported that the greater the value of E HOMO , the grater the electron donating capability while the smaller the E LUMO , the smaller the resistance to accept the electrons, in other words E LUMO measures the electron accepting character of the compound.
30) The results of the reducing ability of the selected SCs to a greater extent are in agreement with the in silico values of E HOMO and E LUMO wherein the E HOMO of the C6ϾC8ϾC1 and E LUMO of C1ϾC6ϾC8 (C4 an exception) are higher as compared to all other SCs under study implying the electron donating nature rather than electron accepting. Nevertheless the compounds possessing considerable reducing potential can be further explored for the design of a novel anti-inflammatory 
17)
OH and DPPH Radical Scavenging Activities The OH and DPPH radical scavenging activities of selected SCs are summarized in Table 2 . Except C2 and C5, all other SCs were found to be good to moderate scavengers of OH radicals. It is clear that the compound C6 (23.20%) can be graded as an effective OH radical stabilizing agent, while rest of the SCs have shown OH radical scavenging activity in a range of 4.60-12.70% as compared to Mannitol (30.10%). In case of DPPH radical scavenging activity the order of reactivity is C6 (39.80)ϾC8 (36.90)ϾC1 (33.70%). Remaining SCs were found to possess the DPPH radical scavenging activity in a range of 13.60-27.80% as compared to Quercetin (94.70%).
The computational data obtained can be correlated with that of the OH and DPPH radical scavenging activity. The in silico results to a greater extent are in agreement with that of the experimental evaluation. Samples possessing higher E HOMO were found to be effective agents for stabilizing the OH and DPPH radicals. Moreover it has also calculated that the molecules with smaller ionization potential are expected to be more reactive as nucleophiles.
31) The compounds C6, C8 and C1 are having higher HOMO as well as lower ionization potential as compared to all other SCs. The energy of HOMO is directly related to the ionization potential and characterizes the susceptibility of the molecule toward attack by electrophiles. While the energy of the LUMO has attributes with electron affinity and it implies the susceptibility of the molecule toward attack by nucleophiles 32, 33) The smaller values of E LUMO indicates the electron accepting character of the compounds.
30) The compounds C1, C6 and C8 showing better reducing, DPPH and OH radical scavenging activities are having higher E LUMO values implying the suitability of the compounds as an electron donors rather than electron acceptors. It was also observed that the para-substitution of methoxy group (C6) was found to be more susceptible for reducing and overall free radical scavenging activity as compared to ortho-substituted methoxy group on the R-naphtha- lene moiety (C8); the same was observed with C4 and C5 in relation to substitution of hydroxyl group on the R-benzene moiety. Chalcones are basically phenolic compounds wherein a general structure-activity relationship in case of radical scavenging reactions has been described. The potential scavenging abilities of phenolic substances might be due to the active hydrogen donor ability of hydroxyl substitution. Similarly, high molecular weight and the proximity of many aromatic rings and hydroxyl groups are more important for the free radical scavenging by specific functional groups.
34)
Assay of Anti-proteolytic Activity The results of the trypsin inhibition assay are summarized in Table 4 . This assay was performed to realize the anti-proteolytic potentials of the selected SCs. All the SCs under study were found to be good to moderate inhibitors of the trypsin induced hydrolysis of BSA. The compounds C2 (40.62%), C4 (30.20%) and C5 (27.30%) were found to effective inhibitors of trypsin. All other SCs have shown the inhibition in a range of 13.80-20.10%. Proteases, especially serine proteases (e.g. Trypsin) are reported to be key players in recruiting the initiation and progression of the inflammatory process. 35) Moreover serine protease inhibition has been considered as one of the targets for designing the anti-inflammatory agents.
36) The computational data shows that the compounds C2 and C5 are having low E LUMO indicating the potential electron accepting candidature of the compounds but this can not be correlated to all the compounds showing trypsin inhibition.
Inhibition of b b-glucuronidase The profile of the inhibition of b-glucuronidase by SCs is presented in Table 4 . The tested SCs were found to be poor inhibitors of b-glucuronidase. The sample C1 and C6 were found to be no reactive with b-glucuronidase. The compounds C3 (7.3%) and C2 (6.8%) were observed to be a moderate enzyme inhibitors. All other SCs shown enzyme inhibition in a range of 1.8-4.8%. The enzyme b-glucuronidase is present in the lysosomes of neutrophils and has been implicated as one of the mediators in initiating the process of inflammation. 37, 38) It is indeed difficult to discuss the structure-activity relationship in this regard, but one common observation is that, that the compounds showing moderate b-glucuronidase inhibition has a lower E LUMO and higher electron affinity as compared to other SCs which indicates the electron withdrawing environment which possibly might be favoring the b-glucuronidase inhibition.
Inhibition of Hydroperoxide Formation
All the test SCs were found to be excellent to good inhibitors of lipid peroxidation ( Table 4 ). The compound C8 (62.80%) was ranked as an excellent inhibitor of the formation of hydroperoxides. The other effective samples showed inhibition in a range of 12.70-29.95% as compared to aspirin (65.66%). Lipid peroxidation is a proinflammatory primary event produced by oxidative stress or as a consequence of tissue damage, which can exacerbate tissue injury, due to the potential cytotoxicity and genotoxicity of the end products of lipid peroxidation. Membrane lipids with double bonds are most susceptible to oxidation. Lipid peroxidation can reduce membrane fluidity, leading to increased rigidity throughout the hydrophobic space of membranes, decreased permeability, osmotic fragility and altered activity of certain membranebound enzymes and transport systems. 39) Conjugated diene (hydroperoxides) formation is one of the intermediate step during lipid peroxidation which takes place as a result of the hydrogen capture from the unsaturated fatty acids. 40) It has been reported that the donation of electron to the intermediate radicals is the mechanism of inhibition of lipid peroxidation by phenolic antioxidants. The same mechanism has also reported for the inhibition of lipid peroxidation by chalcones.
11) The computational studies also supports that the compounds (C8, C1) having more electron donating potentials (higher E HUMO ) are better inhibitors of hydroperoxides but this is not a common property to be applied to all the SCs showing considerable inhibition of lipid peroxidation.
Considering the experimental and in silico results of the present investigations it can be concluded that the nucleus 1-(2-hydroxy-3-(2-hydroxy-cyclohexyl)-4,6-dimethoxyphenyl)-methanone can be further explored for the design and development of lead antioxidant and anti-inflammatory agents. 
